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Subsea Cooling System for Offshore Wind
The number of offshore wind farms is increasing greatly in large areas of the world, making a
significant contribution to a sustainable energy future. The power equipment in these systems creates
a demand for cooling that needs to be drawn away, ensuring efficient electricity transfer to shore.
Traditionally, the cooling is performed topsides using sea water lift pumps in an open loop system.
Chemicals are added to the seawater during the process before it is dumped back to sea. This
process has a significant energy demand, regularly maintenance is required and there are discharge
of chemicals to the sea.
Disclosed below is a subsea cooling system that solves these challenges for offshore wind by
applying field proven technology from decades of experience from the oil and gas industry. The
subsea cooling system significantly lower the operational cost, reduces the need of space on the
platforms and have no discharge to sea.

The Subsea Cooling System
The subsea cooling system loop utilizes equipment that are located topsides and subsea to maximize
performance, minimize cost and facilitate for the best solutions for the environment. The below flow
diagram illustrates the system setup.

Figure 1 - Subsea Cooling System
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How the Subsea Cooling System works
The system can be simplified into 3 main objects
[1] Consumers - Power equipment that needs cooling
[2] Cooler(s) – Subsea (or active) coolers
[3] Circulation unit – Pump to drive circulation in the loop.
The consumers [1] in Figure 1 are representing various power equipment that needs cooling to
improve performance and prevent failure. Cooling medium that are flowing through the surroundings
of the equipment are drawing heat away. The cooling medium is further transported via the closed
loop and down to the subsea cooler located at the seabed. Note that an alternative to have the entire
system in one closed loop is to have several closed loops where the heat is transferred via heat
exchangers.
The subsea cooler(s) [2] are receiving the cooling medium from the topsides power substation. The
main function of the subsea cooler is to efficiently bring down the temperature of the cooling medium
by drawing the heat to surrounding sea water, as described in the chapter
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The Subsea Cooler, below. The cooling medium leaves the subsea cooler with a desired pre-defined
temperature for cooling the consumers [1] topsides. Figure 1 illustrate the subsea cooler as one single
unit. This unit can be split into several different units that can be installed or retrieved separately.
They can also be isolated separately in order to regulate the cooling demand.
The pump [3] in the system serves the purpose of circulating the cooling medium in the loop while
regulating the flow to control the temperature of the cooling medium. The cooling medium that draws
heat from the consumers [2] has an ideal target temperature range it would like to be within. The
speed of the pump is regulating the velocity of the cooling medium through the pipes which again
affect the temperature target.

Location of the pump
The pump as illustrated in Figure 1 is located topsides, upstream the consumers [1]. This pump could
be located anywhere in the system, both upstream or downstream the consumers [1], or even subsea.
The location of the pump does therefore have the advantage of being located where it is best for the
specific application. Locating a retrievable pump subsea can potentially serve the benefit of reducing
need of space on the topsides.

Advantages of The Subsea Cooling System
The advantages of putting the coolers at the seabed is several. The list below summarizing the most
important once:
The subsea cooling system advantages compared with traditional sea water lift pump solutions:
•
•
•
•
•
•

Simple and robust solution
Have no discharge to sea
Reduce the need of space at the topsides facility
Minimal / no maintenance
Significantly reduce power consumption for cooling
Reductions in operational cost

Note that this cooling system can be applied for other applications than for offshore wind. A good
example will be oil and gas systems that are located topsides with a need of cooling.
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The Subsea Cooler
The subsea cooling system is a closed loop cooling system that take advantage of natural convection
between the cooling medium and sea water. The subsea cooler module itself, which is a vital part of
the system is strategically located at the seabed where the differential temperature is highest, and the
cooler can be as efficient as possible.
The subsea cooler(s) are splitting the flow of the cooling medium into several smaller pipes with the
purpose of increasing the surface area facing sea water. The cooler relies on the flow of sea water
past the coils containing the fluid to be cooled to work via natural convection. Sea water can be drawn
from the side as well as the bottom. The subsea cooler system could be completely passive, which
means that it relies on the natural convection from the sea water that are flowing outside of the pipes
as illustrated in the figures below. The subsea cooler can also be active, meaning that a device, such
as a pump can installed as part of the system to control the flow of sea water in order for further
control the cooling effect and accuracy.
Illustration of how the sea water flow direction can be controlled as follows.

Cross section
of cooler pipe
containing
cooler
medium
Sea water
velocity
direction
Cooler wall

Cooler without walls
Sea water is drawn from several directions
and take advantage of the natural velocity
of the sea water at the given location.

Cooler with walls
Sea water is drawn from the bottom of the
cooler due to the chimney effect. This may
enhance the effect of the cooler and provide
higher predictability of the cooler
performance

The above illustrates the basic concept on how the chimney effect can be applied to increase
performance and predictability of the cooler if needed. In addition to walls, hatches or louvers can be
incorporated for further temperature control.
The illustrated design shows pipes that are located on top of each other in a vertical line. The pipes
can also be staggered in order to increase the cooling efficiency. There are various alternatives on
how to stack the pipe coils. The subsea cooler can also have other tubular designs or even be plate
type or regenerative heat exchangers.
Marine fouling and calcareous deposition are minimized and controlled by material selection and
coating that suits the marine environment where the cooler is located.
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